Introduction
Endemic pemphigus foliaceus (EPF), also known as fogo selvagem (meaning wild fire), is a blistering skin disease mediated by IgG autoantibodies specific for the extracellular region of a desmosomal glycoprotein, desmoglein 1 (Dsg1). Histopathologically, the blisters are characterized by the detachment of epidermal cells from each other, a process called acantholysis. The disease is endemic in South America, mainly in certain regions of Brazil, and is frequently associated with a rural occupation. On the basis of epidemiology, it has been suggested that an environmental factor is triggering EPF (for a review, see Ref. 1 ). HLA alleles have been shown to modulate susceptibility and protection to many autoimmune diseases. HLA associations with EPF have been demonstrated, reinforcing the idea that genetic variability plays a role in individual susceptibility to disease development. Positive and negative associations with several HLA-DR and HLA-DQ antigens and HLA-DRB1 and HLA-DQB1 alleles have been reported in white, admixed and Amerindian Brazilian populations. [2] [3] [4] [5] Only two studies of non-Amerindian populations were performed (with 48 2 and 38 3 patients). The aim of the present study was to evaluate the associations between EPF and HLA-DRB1 alleles and genotypes in a large cohort of cases and controls, and to examine the allelic interactions, that is, the effect of susceptible (SU), protective (PR) and neutral (NE) alleles in different genotypic combinations.
Results
The frequency of individuals carrying alleles DRB1*0101, *0102, *0103, *0404, *0406, *0410, *1406 and *1601 is significantly increased in patients relative to controls, while alleles *0301, *0701, *0801, *1101, *1104 and *1402 are significantly decreased. There are trends of increase of DRB1*0302 and decrease of *1301 among the patients (Table 1) . Allelic lineages/groups DRB1*01 and DRB1*04 are significantly more frequent, whereas DRB1*07, DRB1*08, DRB1*11 and DRB1*15 are significantly less frequent in the patient group. There are trends of positive associations between EPF and DRB1*12 and DRB1*16 and negative association with DRB1*03 ( Table 1 ). All alleles of the DRB1*01, DRB1*08 and DRB1*11 groups found in the study population seem to be contributing to disease susceptibility/resistance. On the contrary, the associations seen with the other allele lineages resulted from associations with particular alleles.
With the purpose of revealing additional SU alleles, if existent, individuals carrying the most strongly associated allele (HLA-DRB1*0102) were removed and the frequencies of carriers of the remaining alleles were compared between the subsamples of 80 patients and 380 controls. The majority of associations previously observed remained. The frequency of allele DRB1*0302 showed to be significantly increased in patients (P ¼ 0.035, Odds ratio (OR) ¼ 2.94). The associations with *0101, *0404 and *1601 became stronger (P ¼ 4.8 Â 10
À4
, o10 À6 and 0.002; OR ¼ 3.08, 6.51 and 4.03, respectively). The difference between patients and controls for the frequencies of alleles DRB1*0103, *1104, *1402 and *1406 lost statistical significance (P ¼ 0.214, 0.060, 0.089 and 0.101, respectively). The analysis for allele *0410 was not performed, since the number of individuals became too low for any meaningful statistical comparison. Associations between HLA-DRB and endemic pemphigus foliaceus DP Pavoni et al
In previous reports, it has been suggested that susceptibility could be associated with a particular combination of the amino-acid residues 67-74 (the motif LLEQRRAA) shared between polypeptides encoded by HLA-DRB1-susceptible alleles. 4, 5 To test the hypothesis that the products of different SU and/or PR alleles share a certain protein motif, we performed an association analysis of EPF with polymorphic amino-acid residues and their combinations. No particular motif was found to characterize these allele groups. Analysis of patterns formed by residues 67-74 showed positive associations with the motif LLEQRRAA (OR ¼ 5.12, Po10
À6
). In this sample, this motif occurs in alleles *0101, *0102, *0404, *0405, *0408, *0410, *1402 and *1406. Negative associations were found with motifs ILEDRRGQ (occurring just in allele *0701, OR ¼ 0.09, Po10 Table 2 ). The VA motif is positively associated with EPF (OR ¼ 9.05, Po10
). VA is shared by alleles DRB1*0102, *0404, *0410 and *1406, all significantly more frequent among the patients. There is a trend of positive association with the GR motif. The only allele belonging to this supertype is *0302, which is significantly more frequent among patients only after removal of individuals positive for *0102. The motifs VR (occurring only in allele *0301), VDe (occurring in alleles *0402, *1102, *1103 and *1301), GDr (occurring in the *08 and *1101 alleles) and GQ (occurring only in allele *0701) are negatively associated with EPF. There are trends of negative association with the GE motif (occurring in alleles *0407 and *09012) and the Va motif (occurring in alleles *1501 and *1503) ( Table 2) .
To compare genotype frequencies between patients and controls and to analyze the allelic interactions, we grouped the alleles into three categories: SU, PR and NE. This generated six genotypes ( Table 3 ). The alleles were grouped following three different criteria. First, they were classified according to significance of associations with individual alleles. SU alleles were DRB1*0101, *0102, *0103, *0404, *0406, *0410, *1406 and *1601, and PR alleles were *0301, *0701, *0801, *1101, *1104 and *1402. The remaining alleles were classified as NE. Second, the classification was performed considering the statistical significance of associations with allelic lineages. This permitted inclusion of alleles which might be relevant to disease pathogenesis but whose individual frequency did not significantly differ between patients and controls, most likely because of their low frequency (eg all DRB1*11 alleles are less frequent in patients than in controls (Table 1) ; however, deviations for alleles *1102 and *1103 are individually nonsignificant. Criterion 2 allowed their inclusion as PR alleles). The alleles Associations between HLA-DRB and endemic pemphigus foliaceus DP Pavoni et al associated to protection or to susceptibility, belonging to nonassociated allelic lineages, were also included. So, according to criterion 2, SU alleles were all those belonging to groups DRB1*01 and DRB1*04, and alleles *1406 and *1601; PR alleles were those of groups DRB1*07, DRB1*08, DRB1*11 and DRB1*15, and the *0301 and *1402 alleles. The remaining alleles were classified as NE. The third criterion is similar to the second one, but P ¼ 0.01 was used as the significance limit, so that the lineage DRB1*15 and the alleles *1402, *1406 and *1601 were classified as NE. Using different criteria to classify the alleles aimed to minimize the influence of noncontrollable variables (eg, statistical sampling errors resulting in spuriously significant deviations; low frequency of relevant alleles lending to statistical nonsignificance). Regardless of the criterion, a similar pattern of complex allelic interactions emerged. 2 and 3, respectively) . The patients have 2.7-3.7 times more SU alleles and 3.4-7.7 times less PR alleles than controls.
A potential source of error in association studies is that putative protective and susceptible effects of genetic variants cannot simply be derived from their decreased or increased frequencies in patients. If one or more alleles or genotypes are increased (or conversely decreased) in frequency, the other must be decreased (or increased) in compensation. Paul et al 7 applied a method to differentiate among compensatory frequency variations and real associations, by estimating the compensatory decrease (and increase) among the non-associated alleles. Using this approach (results not shown), we conclude that alleles DRB1*0102 and *0404 are SU, *0101, *0103, *0406, *0410, *1406 and *1601 are permissive (PER), *0701 and *1101 are PR, and *0301, *0801, *1104 and *1402 are moderately protective (ModPR). The distribution of these five allele groups (SU, PER, PR, ModPR and NE) and of the corresponding genotypes among the patient and control groups was compared. The conclusions are similar to those resulting from the conventional analysis, presented above. As expected, the effect of SU and PR alleles is more extreme than that of the PER and ModPR alleles. SU and PR alleles are dominant, PER and ModPR alleles are semidominant over NE alleles. The SU/PR and SU/ModPR genotypes are statistically neutral for disease susceptibility, while the PR/PER genotype is associated to protection from disease (OR ¼ 0.11, P ¼ 0.027).
Discussion
Associations of EPF with HLA-DR and -DQ antigens were first reported in 1989. 2 In the present study, ) and (b) the high-resolution PCR-SSOP typing approach allowed identification of alleles described until recently. The number of known HLA-DRB1 alleles has increased fivefold in comparison to that 10 years ago. (The number of known HLA-DRB1 alleles was 60 in 1991 and 307 in May 2002).
Previous studies of Euro-Brazilians and mixed Brazilians (of predominately European and sub-Saharan African ascent) revealed significant associations with DR1 (allele DRB1*0102) and DR4 (allele DRB1*0404).
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These associations were confirmed in the present study. In addition, we detected positive associations with alleles DRB1*0101, *0103, *0406, *0410, *1406 and *1601. The small sample sizes of the former studies, the low population frequency of most of these alleles, and/or the comparatively weak associations explain the failure in detecting these associations. The negative association with DRB1*0701 (DR7) was originally reported in our pioneer study. 2 Negative associations first detected in the present study are those with alleles DRB1*0301, *08 (especially *0801), and *11 (*1101 and *1104). However, both previous studies of Euro-Brazilian and admixed populations 2,3 revealed a negative association of EPF with antigen HLA-DQ2 which, in turn, is associated to alleles DRB1*0701 and *0301 because of linkage disequilibrium.
Interestingly, in Amerindians a different pattern of associations has been reported. In both the Terena and the Xavante tribes, only the allele DRB1*0404 has been found to be significantly associated with EPF. 5 This is easily explained by population genetics: Amerindians lack alleles of lineages DRB1*01, *03, *07, and *11, unless gene flow from other continents had occurred. 8 A trend toward positive association with allele DRB1*1402 and negative association with allele DRB1*0802 was observed in those populations. In the present study, a negative association with DRB1*08 has been found. All alleles of this group are less frequent among the patients, especially allele *0801.
Studies about non-endemic pemphigus foliaceus revealed associations with alleles *0102, *0404 in Europeans 9 and with *1401, *1405 and *0406 in Eastern Asians. 10 The general conclusion emerging from the comparison of results of the different studies on EPF and sporadic PF is that the molecular genetic background contributed by the MHC is similar. Discrepancies of HLA-DR associations between EPF and sporadic PF are most likely resulting from differences of the HLA polymorphism among the populations analyzed, since associations not seen in a certain ethnic group can mostly be explained by the absence or low frequency of the corresponding allele(s) in that population.
Weak, however biologically relevant associations may be hidden by the presence of associated high-frequency alleles in the study population. The removal of individuals carrying allele DRB1*0102, the one contributing to the strongest association, aimed to reveal weak associations. This approach uncovered a positive association with allele DRB1*0302. As expected, after exclusion of individuals carrying alleles strongly and positively associated to the disease, some of the negative associations became nonsignificant.
Moraes et al 5 concluded that, as previously suggested by Cerna et al, 4 EPF is associated to a motif of variant amino-acid residues at positions 67-74 of the HLA-DRb polypeptide, LLEQRRAA, shared by the products of SU alleles known until that time. Also in our cohort, LLEQRRAA is positively associated with EPF. However, analyzing the associations with amino acids in polymorphic positions and their combinations, it was not possible to cluster all the SU alleles in one group and/or the PR alleles in another one. We could not identify any simple shared structure or portion of the polypeptide that defines if an allele predisposes to or protects from EPF. Focusing on polymorphic amino acids and their combinations aimed to understand better the molecular basis of the HLA-DRB1/EPF associations. In fact, the frequency distributions of some motifs formed by amino acids at positions b70, b71, b74 and b86 differed between the patient and the control groups. This portion of the molecule must be contributing to functional differences among alleles, which are relevant to EPF pathogenesis, nevertheless, other portions of the HLA-DRB polypeptide must be influencing disease susceptibility, otherwise the strength of the associations would not differ for alleles sharing a motif (see, for instance, the consistently higher OR for DRB1*0102 in comparison with *0404, in this and in previous reports).
Association analysis between a disease and individual alleles or allele groups does not tell anything about the effect of the different possible genotypic combinations of these alleles. It is the genotype frequency distribution that informs on the type of allelic interaction concerning the phenotypic trait analyzed, which here is disease susceptibility/resistance. A positively associated factor may have a dominant, semi-dominant or recessive effect on disease susceptibility. In all cases, the frequency of carriers of that factor will differ between cases and controls. However, if the phenotypic effect is recessive, for example, the frequency of heterozygotes will not differ. We performed an analysis to verify the type of allelic interaction between SU, PR and NE alleles. The results reveal well-defined allelic interactions and lead to the rejection of the null hypothesis of codominance. Since the ORs of PR/PR and PR/NE genotypes are very similar but significantly lower than those of the NE/NE genotype, we suggest that PR alleles are dominant over NE alleles. Results show that the predisposition of individuals having an SU/SU genotype is higher than those having SU/NE genotypes, revealing a dosedependent additive effect of the SU alleles. The interaction between SU and PR alleles is semidominant. The SU/PR genotype has a phenotypic effect similar to that of the NE/NE genotype. Dominant protection has been reported for type I diabetes 11 and rheumatoid arthritis. 12 However, differently from what we observe for EPF, for these diseases protection is dominant over susceptibility. These allelic interactions are compatible with some biological mechanisms that may be operating during pathogenesis of an autoimmune disease. The observed higher susceptibility of individuals having two SU alleles in comparison with those with a SU/NE genotype is compatible with a dose-dependent mechanism, either during the interaction with autoantigens in disease pathogenesis 13 or during T-cell ontogeny in the thymus. A dominant effect of PR alleles may result if the putative protective HLA molecules participate in suppression of autoreactive T-cell clones in the periphery or in deleting the relevant pathogenic autoreactive T-cells in the thymus, providing high-affinity peptides for their TCR. These rather general ideas should be tested in forthcoming work, and the allelic interactions described in this study must be taken into account for a proper understanding of the mechanisms underlying the associations observed.
We conclude that HLA-DRB1 is an important gene modulating susceptibility to and protection against EPF. PR alleles and SU alleles are, respectively, dominant and semidominant over NE alleles. Interaction between PR and SU alleles is semidominant. The motifs formed by amino-acid residues 67-74 and 86 contribute for functional differences among alleles, which are relevant to EPF susceptibility. However, no unique, shared structural attribute of the alleles makes them confer protection or susceptibility. Instead, peculiarities of each allele seem to be important. The results of this genetic association study provide useful information to forthcoming work. The positive and negative associations described and the knowledge of allelic interactions provide the foundation for studies aiming to elucidate the interaction of the relevant HLA molecules with the putative pathogenic peptides and the receptors of cells involved in disease pathogenesis and resistance.
Materials and methods
A total of 128 patients and 402 healthy individuals (controls) from an ethnically admixed population were studied. Samples of 114 patients were obtained at the Hospital Adventista do Pênfigo, in Campo Grande, Mato Grosso do Sul State. Samples of 12 patients were collected at the Hospital de Dermatologia Sanitária São Roque, in Piraquara, Paraná State and of other two patients, at the Secretaria Estadual de Saú de, in Curitiba, Paraná State. The diagnosis was based on clinical criteria, histopathology and indirect immunofluorescence. Samples of the control individuals were collected in Curitiba and in Campo Grande. The study has been approved by the Human Subjects Research Ethics Committee, according to the Brazilian Federal laws.
The differences of HLA allele frequencies existing among populations and among the major ethnic groups must be taken into account when performing disease association studies and interpreting their results. This is especially true for studies of stratified admixed populations 14 . Spurious associations could ensue if the patient and control groups differ regarding the relative contribution of ancestral populations. The control and patient groups were similar to each other regarding ethnic origin, birthplace and place of residence, socioeconomic status and occupation. On the basis of facial morphological features (forms of the nose, mouth and eyes), hair type and skin color, individuals were classified as white, that is, of predominantly European origin (56% in both the patient and the control groups) and Mulattos, that is, of clearly mixed African and European origin (44%).
Genotypes for the HLA-DRB1 gene were ascertained by polymerase chain reaction/sequence-specific oligonucleotide probes (PCR-SSOP), according to the XII International Histocompatibility Workshop protocols. 15 Additional SSO probes have been designed by us, to identify the alleles DRB1*0105 and *1506.
Comparisons between frequencies were performed by analysis of 2 Â 2 contingency tables by Fisher's exact test via the metropolis algorithm, using the R Â C computational program. 16 When the relative frequency in patients and controls was below 1.0%, statistical comparisons were not performed. Bonferroni correction of P-values was not applied, in view of previous reports of associations between HLA-DRB1 alleles and EPF and because this correction would maximize the type II error, which is the acceptance of a false null hypothesis. 17 ORs were calculated to estimate the strength of the association, using Woolf's method with Haldane's correction, when necessary. The confidence interval (CI) was calculated when all the four internal values of the 2 Â 2 table differed from zero, using the following formula:
CIð95%Þ ¼ anti ln lnðORÞ AE 1:96
The method described by Paul et al 7 was applied to differentiate among compensatory frequency variations and real associations, by estimating the compensatory decrease (and increase) among the nonassociated alleles.
